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Abstract 
The contribution proposes the application of artifacts for stimulation of analogy forming. These artifacts are related to the 
inventive principles of the TRIZ method. By formulating a contradiction based on Altshuller’s parameters, a list of promising 
inventive principles is generated. The TRIZ-Box contains artifacts that represent these inventive principles physically. Access to 
the artifacts is provided by a web-based content management system (wiki), in which artifacts and related information can be 
searched and described. 
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1. Introduction 
Creativity is an essential part of innovative product development and the origin of successful products. There are 
several methods that support the activities in developing innovative products, e.g. TRIZ. One central principle is to 
depart from the identified problem by means of abstraction. In TRIZ the problem is formulated by an abstract 
contradiction. Using the matrix of contradictions, general solution principles promising to resolve the contradiction 
are represented within Altshuller’s inventive principles (cp.  [1]). Based on these principles, the inventor shall be 
inspired and create ideas for specific solutions addressing the original problem. This step very much depends on the 
creative ability and inspirational capacity of the method user. The process of concretizing the abstract principle to a 
problem-oriented solution can be supported by adequate methodological means. Known methods represent – based 
on a given inventive principle – explanations and descriptions of established exemplary solutions, patents or other 
evident concepts. 
The method proposed by the authors is called TRIZ-Box and systematically supports the step of concretizing the 
abstract solution principle to a specific technical solution. Its main idea is to connect inventive principles and 
artifacts that represent those specific principles in a functional, technical or physical way. Integration of these 
objects into individual and group work, e.g. brainstorming, adds to the auditory and visual reception other sensory 
ways for giving impulses to the inventor resulting in more excited associations and analogies. Beside the theoretical 
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and methodological framework of application, the method comprises a collection of chosen artifacts and a 
computer-supported list of inventive principles that directly links to corresponding artifacts. 
The present contribution proposes on the one hand the use of artifacts for supporting ideation in TRIZ by analogy 
and cross-fertilization based on physical representation of inventive principles. On the other hand, central elements 
of TRIZ, i.e. contradiction matrix and inventive principles, are used as taxonomy for finding and selecting 
appropriate artifacts in order to support ideation activities. The following sections describe the background of 
creativity, analogy, cross-fertilization and artifacts as well as the TRIZ methodology. Against this background, the 
authors propose the TRIZ-Box method and its realization. 
2. Background and state-of-the-art 
For the proposed means of support, three perspectives have to be considered: creativity, artifacts and cross-
fertilization as well as the body of knowledge of classical TRIZ. 
2.1. Creativity 
In order to support creativity in engineering properly, sound understanding of creativity is necessary. Research 
addressed the topic of creativity from different points of view. Rhodes classified these points of view into four 
alliterative categories: product, person, process and press (i.e. environmental factors)  [2]. The creative product is the 
result of the activities of one or several persons. The second factor focuses on personal traits while the third factor 
concentrates on the description of creative processes. The fourth view is on environmental factors and their 
influence on persons acting creatively. Recent research on creativity shifted its focus from pure personality 
psychology (e.g. [3]) to social and educational science (cp.  [4],  [5]). 
Product, Person, Press and Process 
An established definition of the creative product cannot be identified in literature. Creative products can be 
socially relevant or even intrinsically valuable without having any social relevance  [3]. However, most commonly 
used definitions include two essential elements: originality and appropriateness. Creativity is also considered as an 
individual ability resulting in a creative product  [6]. In literature, a common set of characteristics of creative persons 
can be identified (e.g. high aesthetic valuation, broad interests, attraction to complexity, independence of judgment 
intuition or self-confidence)  [3]. Another frequently mentioned factor is intrinsic motivation  [4]. A according to a 
system-based approach, creativity is a result of three interacting systems: a field constituted by social institutions 
that defines appropriateness of ideas, a cultural domain transmitting these ideas and the individual, who affects the 
domain creatively being considered by the field Error! Reference source not found.. The research on creativity as 
a process considers models of sequential stages. A common model of the creative process is the four stage model 
according to Wallas  [8], which consists of preparation, incubation, illumination and verification. During preparation, 
the problem is analyzed, knowledge is acquired and a “problem attitude” is defined. In the incubation stage, the 
creative mind works consciously and unconsciously, e.g. during mental relaxation, on the problem. Illumination is 
the sudden appearance of the idea. In verification the validity of the creative product is tested. These stages are gone 
through concurrently for different open problems. This results in a chance, that the preparation of one problem 
incubates another one’s solution process. 
Different psychological schools try to explain the process of creativity in terms of their own classical theories. In 
the theory of the associationist school the creative process forms new combinations of associative elements  [9]. A 
creative solution is more likely to emerge if the situation the person is exposed to promotes the spatial and temporal 
proximity of associative elements (contiguity).  Mednick derives three types of contiguity. Accidental contiguity 
(serendipity) leads unintentionally to idea activation. Similarity of stimuli or similar associative elements can also 
result in contiguity of structures or objects. Mediation activates associated elements by common elements e.g. by 
use of mathematical or chemical symbols. Cognitivism explains creativity not as a single associative process but as a 
result of several mental processes  [10]. Generative processes, e.g. associations or analogy forming, develop mental 
representations. These pre-inventive structures are combined and interpreted in an explorative stage.  
Analogy Forming, Similarity and Cross-Fertilization 
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In the design process, design-by-analogy is a common approach. Analogous products are used although not being 
recognized as origin of an idea by the designer  [11]. 
Analogy is the mapping of two sets of propositions, in which corresponding relations are matched based on 
similarity  [12]. The cognitive process for analogy forming to solve a given problem comprises four steps: source 
encoding, analogy retrieval (source), mapping of problem and source and inference based on mapping  [11]. Forming 
of analogies and activation of associations are central elements of creativity  [13]. Inspiration by analogy increases 
the number and variety of solutions  [12], [14]. However, studies provide evidence that information being 
analogically related to a problem is hardly found and used  [14]. Therefore, similarity has to be identified. In 
literature, surface and structural similarity are distinguished. Surface similarity refers to appearance or attributes, 
e.g. a product’s purpose, while structural similarity describes similar relationships of objects, e.g. functional 
relations. Without surface similarity, recognition of analogies on structural, i.e. functional level is difficult  [14]. 
From a functional perspective, similarity of different products can be quantified by a similarity metric  [15]. 
Designers remembering analogies in a general representation are more likely influenced by these analogies than 
those remembering in domain-specific representations  [11]. Analogies emerging from different domains provide the 
chance of arising ideas that would not be considered by a person of a single domain. This concept is called cross-
fertilization. The explanation is that with more experience, the chance of having new combinations increases 
significantly  [5]. 
In summary, the creative process includes a step, incubation, in which elements being distant to the original 
problem can lead to insight and illumination, e.g. by analogy forming. This is also emphasized by the creativity 
theories of associationism or cognitivism. The influence of analogies increases if the analogous representation is 
more general. 
2.2. Methods for analogy forming 
Methodological support is given for example by directed analogy forming (e.g. synectics  [16]) or consideration 
of patterns or artifacts. Commonly known methods supporting the steps of encoding and retrieval in the process of 
analogy forming are functional models, synectics, biomimetics and TRIZ  [11]. 
General Methodological Support of Analogy Forming 
By compiling and analyzing functional models, analogous features can be identified and retrieved  [15]. Other 
formal methods for design-by-analogy are for example synectics or biomimetics (bionics)  [11]. Synectics is a group 
problem-solving method that basically tries to identify the problem, to make the familiar features strange and to 
related the strange ideas to the familiar problem  [16]. It comprises a set of subjacent methods provoking analogies 
on different levels: personal, direct, symbolic and fantasy  [11]. Bionics is the superordinate concept for 
incorporating natural solutions into man’s technology  [17]. The concept of TRIZ (see below in detail) allows 
forming of analogies on a general level by abstract inventive principles. Specific cases, e.g. examples and patents, 
make analogy forming on less abstract level feasible. 
Analogy Forming by Design Patterns 
In contrast to analogy forming by cross-fertilization design patterns allow analogy forming within a defined 
context, e.g. within a given domain. 
Design patterns are a concept of providing problem-oriented knowledge about solutions in a defined context in an 
abstract and generic way. The pattern concept was introduced by the architecture theorist Alexander and was 
successfully transferred to software engineering (which is an example of cross-fertilization!)  [18]. A design pattern 
represents the invariant elements of a multitude of similar solutions to a design problem in a specific context. 
Analogy Forming by Artifacts 
In the field of product design, collections of interesting things, e.g. material samples, or mechanical parts are used 
for inspiration. For example, Kelley  [19] describes a such called tech box. The tech box contains inspiring artifacts, 
which seem to have had positive contribution to several design projects. Within a web-based database, the artifacts 
are listed and their features are specified in detail. The content of the tech box is subject to permanent change, i.e. 
new objects are added. It not only inspires, but also prevents reinvention of the wheel (cp.  [20]). Within the tech box 
method the selection of adequate artifacts is intuitive and arbitrarily. 
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2.3. TRIZ 
TRIZ was first invented by Altshuller in the 1950s. Since then the methodology has advanced through 
uncountable scientifical contribution and application experiences. Today the existing TRIZ-supporting tools as a 
whole try to cover the entirety of product development regardless of the area of application. Accordingly TRIZ 
consists of a vast method tool kit of heterogeneous nature. These range from problem formulation and clarification 
across generation of ideas to error detection covering the product development process. The subordinate principles 
TRIZ uses are the systematic approach, analogy, knowledge and visions. Because of the continuous advancement of 
TRIZ there are some methods that are well-known and others that are mostly unknown.  [1],  [21] 
The best-known and most used tools are the technical contradiction and the list of inventive principles  [1]. The 
technical contradiction is considered as the prerequisite and basis of any innovation Error! Reference source not 
found.. According to Altshuller’s research all solutions to every technical contradiction are based on the same 
principles. Based on a survey on 40000 patents 40 inventive principles are permitting the solution of any technical 
contradiction.  
Using classical methods of product development, the space of all possible solutions is not confined. Within this 
space there is always a vector of inertia that points the direction where most ideas are. Accordingly there are already 
a lot of solutions in this field. In order to create an innovation it is necessary to go past this vector of inertia and thus 
to avoid preconditioning. The systematic of TRIZ with the metaphor of the ideal final result, standing for the not 
existing ideal solution that consists of only the positiv functions, without any negative effects and with no additional 
effort. 
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Figure 1: Comparison of TRIZ and the TRIZ-Box add on (cp.  [13],  [23]). 
 
For the practical application of TRIZ first the ideal final result is defined and the problem is formulated. The 
problem is transformed to the abstract level describing its main conflict as a technical contradiction. The description 
of the technical contradiction is carried out in a standard way. Any system behavior is modeled by parameter chosen 
from a standard list of 39 parameters. The technical contradiction is described by one improving and one worsening 
parameter. For this step it is helpful to use a systematic method such as the innovation checklist  [22]. For the 
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technical contradiction general solutions can be selected from the contradiction matrix in form of inventive 
principles  [1]. These inventive principles describe promising solution principles, which, have to be retransformed to 
the reality level, to the given problem. Figure 1 visualizes the approach in contrast to the classical approach of 
problem solving. 
There are several different software applications for TRIZ, ranging from the software representation of single 
tools to software systems that cover the whole TRIZ supported product development process.  [22] 
TRIZ provided tools, i.e. Altshuller’s parameters, the contradiction matrix and the inventive principles give a 
taxonomy for storing, finding and administering design solution knowledge. However, all methods represent the 
solution principles in form of paper or software. The use of those usually is restricted to single users.  
3. The TRIZ-Box method 
The discussion of the background and the state-of-the-art derives that there is a number of methods that support 
creativity by analogy forming, but not yet all use all ways of external stimulation of sensations. At the same time, 
external stimuli can be the missing piece completing the mental puzzle. Thus the TRIZ-Box method enables an 
additional access to inspiration. 
A major difficulty of TRIZ lies in the retransformation of the general solution to the specific problem. This is the 
creative step. For example, software guides through the application of TRIZ and supports the implementation of 
general solutions by giving explanations and examples. 
The tech box method originates in the design field. It is used as inspirational tool for single users or group 
brainstorming meetings. Its intuitive and non-systematic use is predestinated to support creative idea generation.  
Combining the systematic approach of TRIZ on the one hand with the creativity support of the tech box on the 
other hand the TRIZ-Box method delivers a promising approach to support creative product development in the 
engineering design field. 
3.1. Idea 
In order to successfully transfer the idea of analogous reasoning by artifacts to the field of product development, 
the mostly intuitive and creative tech box method has to be adjusted. A method to restrict the multitude of possibly 
applicable artifacts is required. The system of TRIZ in contrast works with a systematic approach. The basic idea of 
the TRIZ-Box method is the combination of the two methods. The systematic approach of TRIZ assists the selection 
of artifacts while the analogy forming based on artifacts supports generation of solutions to the specific problem. 
3.2. Method 
The TRIZ-Box method picks up the basic idea of analogous reasoning based on artifacts (tech box) and improves 
its appliance with an effective selection system provided by the contradiction matrix. Applied in TRIZ only, at the 
same time it facilitates the transformation of the abstract inventive principle into the reality.  
In the first step the problem is analyzed and formulated. With the help of the parameter list, it is transformed and 
reformulated to a technical contradiction. As soon as the contradiction is found, the contradiction matrix delivers a 
set of inventive principles, promising to solve the technical contradiction. Based on these principles artifacts are 
selected with the help of an arbitrary allocation system. This allocation system can be a simple spreadsheet, a 
database or a content management system. With this information the user is able to choose artifacts in a problem-
oriented way and to use them for ideation, e.g. in methods like brainstorming.  
The examination of a physical artifact stimulates all human senses. Not only visual but also acoustic, tactile and 
even olfactory and gustative effects capture the attention of the user. In this way the comprehension of the inventive 
principles is enhanced. The use of more specific artifacts stimulates different thoughts and ideas towards the 
direction of the ideal final result. The preoccupation with the selected artifacts offers the possibility for the creative 
person to gather information and supports the (unconscious) formulation of solution hypotheses. Other artifacts 
serve as distraction and thus support the incubation stage in the creative process. Therefore it is not necessary to 
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choose different artifacts because many artifacts represent multiple aspects and inventive principles and thus suffice 
the distractive purpose. 
With a successful application of inventive principles and corresponding artifacts the process results in a creative 
solution for the problem. Figure 1 shows the flow diagram of TRIZ with the method add on. 
3.3. Realization 
The realization of the TRIZ-Box follows a two-fold approach comprising a virtual and a physical collection of 
artifacts. 
Virtual Artifact Collection 
The virtual collection is used for the retrieval of appropriate artifacts. This is enabled by a web-based information 
system. Due to its advantageous features an open content management system, a wiki system, is chosen. This system 
allows users to easily share, store, retrieve and access information about available artifacts. 
Wiki systems are web-based content management tools for computer supported collaborative work (CSCW)  [24]. 
Basically, a wiki is a collection of interlinked pages based on hypertext that allow online publishing, editing and 
discussion. Pages can be edited by any user who is authorized to access the system. Due to simple syntax most wiki 
systems do not require profound programming skills  [25]. The most advantageous features are various ways of 
finding information (tree-structured overview, table of contents, full text search or cross-referencing). 
The TRIZ-Box wiki system (type: dokuwiki) is available via intranet. For reading only access is open to every 
user. Editing is restricted to the TRIZ-Box supervisor who is in charge of administering the content of the virtual 
and physical collection. Figure 2 depicts an extract from the wiki system and an exemplary artifact. 
Physical Artifact Collection 
Having chosen problem appropriate artifacts in the virtual TRIZ-Box, the user accesses the physical artifacts and 
deploys them as the method proposes, e.g. in brainstorming sessions. The physical TRIZ-Box contains artifacts, like 
metal foam, sandwich structures, shape-memory alloy, and technical toys.  
When setting up a TRIZ-Box artifacts from different domains have to be considered. Here analogy forming is 
required in order to find artifacts that sufficiently physically represent an inventive principle. For deciding which 
artifact is supposed to be included, the authors use six criteria: safety, availability, costs, quality of principle 
representation, originality, size. 
y Safety is a basic requirement. For example the use of strong oxidizers or very heavy artifacts could 
endanger users. 
y Availability is necessary in order to use the artifact as physical representation of an inventive principle.  
y Costs also affect the decision on purchasing an artifact. 
y A minimum quality how good the inventive principle is represented is a relevant requirement.  
y Originality is necessary in order to support analogy forming beyond the analogies that are very likely 
to occur initially. 
y Size is a relevant criterion if the collection of artifacts should be manageable in an office environment. 
Having found a solution by TRIZ, its physical realization can be included to the TRIZ-Box afterwards. Thus, the 
TRIZ-Box can also be used as storage for successful solutions and best practice cases. In this way the artifact collect 
is continuously broadened refreshed.  
4. Summary 
A method called TRIZ-Box for supporting TRIZ and other methods requiring analogy forming is proposed. As 
theoretical background three perspectives have to be considered: creativity and analogy forming, methodological 
means of support and the body of knowledge of classical TRIZ. TRIZ-Box allows the directed application of 
artifacts that represent inventive principles in ideation processes by supporting analogy forming. 
Current activities focus on enlarging the TRIZ-Box content to an extent of at least three artifacts per inventive 
principle. Further work is going to test in what way the application of the TRIZ-Box method affects ideation and its 
results.  
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Figure 2: The TRIZ-Box wiki system: metal foam as exemplary artifact. 
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